Recently, the local government of South Tyrol, a province in the alpine area in the north of Italy, has defined the guidelines for an energy and climate package with targets for 2050 where it is stated that -The yearly CO 2 emission per capita will be reduced to less than 1.5 tons (less than 4 tons per capita by 2020 as intermediate target) -90% of the energy need will be covered by renewables (at least 75% by 2020 as intermediate target). Specifically, energy production from photovoltaics will contribute towards those targets with a total installed power of 300 MW by 2020 (around 0.6 kW per capita considering population as of 2012) and 600 MW by 2050 (around 1.2 kW per capita considering population as of 2012). These figures start from a baseline of PV installed power in the province at the end of 2012 of 220 MW (around 0.45 kW per capita, around 0.28 kW per capita in Italy for comparison). Although both targets seem easily within reach, it is nonetheless important to lay the right foundation through favourable legislation and long term planning. It is within these context that a detailed analysis of the real PV potential (as comprehensive and effectively exploitable) of the area is proposed so to understand how ambitious those targets really are and to provide data and information for future energy and strategy planning. In this work, in an innovative approach, the impact of novel solutions on non-conventional surfaces were also included such as PV installations on transport infrastructure, avalanche barriers, artificial lakes, etc. High altitude installations were also taken into account due to the high irradiance values in the alpine area which are comparable to those in South of Italy (up to 2200 kWh/m 2 per year). Limitations due to costs, phasing out of generous incentives programs, restrictive laws (for instance, architectural and environmental constraints) were considered, too. * Corresponding author. Tel.: +0-000-000-0000 ; fax: +0-000-000-0000 . E-mail address: david.moser@eurac.edu.
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Introduction
Worldwide, many municipalities and regional bodies have commissioned studies on Solar maps (or Solar cadastres) to provide solar irradiation availability based on location. This is done through GIS layers and the main stakeholders are energy planners, engineers, local authorities, etc. A solar cadastre can also contain data so that the end user can select a building to gain information about the suitability for PV or solar thermal installations. Several studies are currently running with the aim of providing the solar map and the PV potential of the Province of South Tyrol (Italy) (e.g. PV-Initiative [1] , PV-Alps [2] , Solar Tirol [3] ). These projects either provide information only about a limited area or do not take into account restricting factors such as current legislation, visual impact, costs, structural limitations, etc. Nonetheless, they represent the state of the art in satellite derived irradiance calculations and by the beginning of 2014 the irradiance/PV potential of the whole territory of the province will be evaluated with a 100 m x 100 m resolution (project PV-Alps [2] ) and by 2015 the PV potential at roof level for the main settlements will also be available (project Solar Tirol [3] ). The estimation of the PV potential at roof level is of particular importance due to the trend in PV installations in Italy, where feed-in tariffs and planning permissions have moved the market from open field plants (especially in the region of Puglia in the South of Italy) towards building integration (roofs, facades, industrial warehouses, etc) (See Figure 1 for cumulative installed power for the PV sector in South Tyrol divided in power classes). Figure 2a shows that the installation of medium large PV plants (P n >200 kW) is also spatially limited due to lack of surfaces and planning permissions in the alpine region subject of this study. These considerations about the PV sector go hand in hand with an overall analysis of the renewable energy sector in South Tyrol. In the Province, biomass (mainly wood and wooden derivate) covers around 12% of the final energy consumption (transport sector included); they present a high expansion potential but are principally used for heating. A high contribution to electric energy production could come by wind: this is nonetheless hindered due to topographical reasons which makes this renewable source unsuitable. Together with the significant growth in the PV sector, the most important contribution in electric energy supply in the Province is given by hydroelectric power. However, growth in this sector is very limited and just for small size plants. Table 1 shows on both national and local level the contribution in energy generation from hydro and PV where the trends are very clear: oscillating for hydro and steady growth for PV. It is clear that a detailed and comprehensive study is needed to evaluate the real growth potential of the area. This is described in the following paragraphs where the methodology is described together with some preliminary results. PV Photovoltaics GIS Geographic Information System
Nomenclature

Solar cadaster of Bolzano, Brixen and Laives
Bolzano is the capital and with around 105.000 inhabitants the largest city of the province of South Tyrol. Bolzano is located at an altitude of 264 m in the eastern part of flat area. The area is surrounded by hills and mountains. The oldest part of the city is located to the north east while the southern part of the city is characterised by a large industrial area. The city's economy is based on a mix of old and new highquality intensive agriculture, tourism, traditional handicraft and advanced services. Heavy industry installed during the 1930s has now been mostly dismantled.
Laives has a population of 17000 and it is located south of Bolzano.
Brixen is a small size Alpine city with 20.000 inhabitants located in northern Italy in the South Tyrol Province. It is settled in a narrow valley floor, north to south oriented, at an average altitude of 560 m a.s.l. . The economy is based mainly on three sectors: tourism, services and industry (manufactory of aluminium and buildings). The oldest part of the city is located to the north and corresponds to the midcompact historical centre. The southern part is instead characterized by the presence of several industrial activities. Brixen has been chosen as a case study in the framework of the CO 2 reduction plan of the city and in the framework of the EU Alpine Space Project "Alpstar" (Alpstar, 2012) [6] .
The solar cadastre for the whole city of Brixen has been provided by the Municipality of Brixen (Città Solare, 2012 ERDF Project PV-Initiative 2-1a-97 [1] ). The solar cadastre of Bolzano and Laives were kindly provided by the corresponding municipalities [7, 8] . The insolation values for the city of Bolzano are found to be low compared to on-site monitoring and were therefore gauged with values coming from the Laives solar cadastre as the insolation of around 50 buildings was calculated for both cadastres. Solar cadastre divides the suitability of roof potential in classes. According to Vettorato et al [9] only the class with annual insolation H>1200 kWh/m 2 should be considered in the calculations due to the economic unsustainability of the other classes for PV panels.
On-site monitoring [10] and PV-GIS database (JRC, 2012 [11] ) allow for an estimation of the average yearly production per kW p (Y f , yearly yield, AC side) for the case study areas, that is around 1100-1150 kWh/year per 1 kW p where typical losses in BIPV systems were included (20% of capture and system losses, namely: temperature, low irradiance, reflectance, cables, inverter, etc).
The National database (GSE [4] ) provides the PV power capacity already installed in South Tyrol and in the municipalities in installed peak power, kW p .
Methodology
The work (currently running) is divided into 4 phases. Phase 1: Readily available data are statistically analysed for some urban settlements based on morphology. The results are then statistically projected to the whole province for the estimation of PV potential at a roof level.
Phase 2: Non-conventional areas are analysed to evaluate the PV potential of surfaces which at the moment are not (or only marginally) taken into account by the PV industry and energy planners. Existing irradiance maps were used.
Phase 3: The environmental impact of the results from phase 2 will be evaluated and the suitability of the proposed installations critically discussed Phase 4: A preliminary analysis of the economic impact of the proposed solutions will be given
In this paper we will focus mainly on the preliminary results from the first 2 phases.
Phase 1: The solar cadastre was evaluated under the PV-Initiative project for the alpine city of Brixen. Other solar cadastres are available for the cities of Bolzano and Laives [7, 8] . The following data are needed for the calculation of the irradiance distribution:
-Topographical and geographical description through digital terrain models (DTM) and digital elevation models (DEM). -Meteorological atmospheric data (cloud index, water vapour concentration, aerosols, etc)
The accuracy of the model is improved by in-situ measurements (with pyranometers), a reliable radiative model and indirect measurements of the atmospheric composition. The solar potential is then calculated taking into account orientation, tilt angle, shading from close and far objects on the surface. The resulting map comes from an elaboration using a GRASS GIS environment so to obtain a classification of the roofs based on solar potential. Once all elements such as streets, walls, courtyards, trees and objects smaller than a 1 m 2 (resolution 1 m x 1 m) are filtered out, the remaining surfaces are typically classified into different classes of solar potential. 
UNSUITABLE
Only Class 1 was considered for the estimation of the PV solar potential for all three cadastres. This was calculated assuming a 15% module efficiency, a system efficiency correction factor of 0.5 for flat roofs where modules are installed at a fixed angle and 20% of losses for the evaluation of electricity production. Losses in PV systems are given by the so called Performance ratio which relates the electricity generation with the incoming insolation over a period of time and is defined as PR=Y f /Y r =E/P n • 1000/H This performance indicator presents typical values in the range 0.7-0.8 for integrated PV systems [12] Phase 2: The attention for non-conventional areas was focused on artificial lakes for hydroelectric power plants and outdoor tunnels. For the calculation of the insolation, the Climate-SAF and Classic PVGIS database from PVGIS website were used [11] .
Results and Discussion
Artificial lakes are of particular interest, mainly for the following reasons:
-They are situated in alpine areas where the annual insolation measured by a biaxial tracker can reach values which are of the order of 2000 kWh/m 2 , around 30/40% higher than fixed installations in the valleys and flatland.
-Thanks to snow and ice reflection, in winter, seasonal oscillations are reduced Table 2 shows the main parameters for the three largest artificial lakes in South Tyrol. For the calculation of the insolation, the Climate-SAF and Classic PVGIS database from PVGIS website were used [11] . If 1% of the total area is considered as available for PV installation, Lake Resia has an available surface of 6.6 ha and corresponding PV power (10 m systems (>1400 kWh/kW p ). These considerations are valid if we assume that the PV installation covers the available area minimising the distance between rows: the value of 10 m 2 /kW p could then vary if the distance between installations needs to be increased (e.g. visual impact, environmental impact).
The surface for artificial lakes in South Tyrol is around 11.5 km 2 . If only a minimal part (<1%) of the surface were used for PV systems, one could install around up to 10 MW p (depending on module efficiency and density of installations) with electricity production of around 12 GWh for a fixed system installation (0.35% of the Province electricity need). If a larger area were considered, the system could produce up to 120 GWh (for 10% surface cover) which would correspond to a 3.5% of the whole electricity need.
Other non-conventional surfaces are connected to the transport infrastructure. PV systems could be installed on sound barriers and outdoor tunnels that would cover railways and motorways which runs through urban environment. The city of Bolzano has a 3 km long, 10 m wide stretch of motorway and 3 km long, 25 m wide stretch for the railway. If covered with PV installed horizontally, 4 and 10 MWp (15% efficiency) could be installed which would generate 4 GWh and 10 GWh, respectively.
As previously mentioned, the attention and public acceptability of new PV systems has moved towards building integration on facades and rooftops. The best tools to estimate the rooftops PV potential are solar irradiance maps or solar cadastres: these resources provide information about incoming solar annual insolation (in kWh/m 2 ) and other data such as roof area, slope, orientation, etc. Thus, it is possible to estimate the PV potential by assuming a certain module efficiency and the corresponding electricity generation by including typical losses associated to integrated PV systems.
The unfiltered total estimated PV potential of Brixen rooftops is 155 MW. Filtering by irradiance (only roofs in Class 1) reduces this amount by 61% resulting to 60 MW with an estimated energy output of 66 GWh/year. Filtering out the historical centre accounts for a further reduction of 12% with a final real PV potential of 53 MW. The installed PV peak power at 30/4/2013 for the city of Brixen is 7.4 MW. Based only on the available roofs area and without filters, the PV potential of Bolzano is of the order of 585 MW. Filtering for incoming irradiance larger than 1200 kWh/kW p the total estimated PV potential of Bolzano rooftops is around 250 MW (reduced by 57%); filtering out the historical centre accounts for a further 10% decrease of PV potential. A real PV potential of 198 MW for the city of Bolzano is obtained if only flat roofs and orientations W,SW,S,SE,E are considered (after filtering out the historical centre); this would generate a corresponding energy output of 205 GWh/year. The installed PV peak power at 30/4/2013 for the city of Bolzano is 13.8 MW. For the city of Laives, the unfiltered PV potential is of 111 MW; this is reduced to 65 MW when only roofs with yearly insolation values higher than 1200 kWh/m 2 are considered. Figure 2 ) is applied to the whole region, the total PV potential would be of the order of 1.25 GW. 
Conclusions
The PV potential for the alpine region of South Tyrol in the north of Italy was estimated considering rooftops installations and some installations on non-conventional surfaces. The goal set in the Klimaland energy package as given by the local government of 600 MW by 2050 seems to be easily achievable if compared to a conservative estimate based on installed power per person (2.5 kW/person) as calculated from existing solar cadastres of three main settlements in the Region. In fact, the real PV rooftops potential -filtered out by insolation, historical centre and, when available, orientation -is then around 1.25 GW. Clearly, to have an impact in a short timeframe, medium size installations are also needed (see Figure 1 ). The local policy and trend (similar to the rest of Italy) is that open field installations won't be permitted any longer due to visual impact (especially in alpine area) but also because they are perceived as spatially inefficient (especially if agricultural land is used); it is thus important to estimate the PV potential on non-conventional surfaces. In this study we have shown how artificial lakes and transport infrastructure can be used for medium size installations that can also have an impact on energy production if tracking systems are used.
